In vertebrates at least six actin isoforms are expressed in temporally and spatialy regulated patterns. These highly conserved proteins have been classified by both their isoelectric point and primary tissue or cellular localization and comprise β and γ cytoplasmic, α skeletal and α cardiac and α and γ smooth muscle isoactins (Vandekerckhove & Weber, 1978) . Two cytoplasmic isoactins β and γ are present in non-muscle cells. In these cells actin exists in a dynamic state and can form transitory localized filaments, as it happens in advancing pseudopods of moving cells, in the contractile ring of dividing cells and in regions of active phagocytosis, and also in more permanent microfilaments in specialized regions such as intestinal microvilli. Despite many studies on actin behavior in vitro, the complex dynamics of the actin cytoskeleton required for maintaining the cell shape and cellular locomotion
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on-line at: www.actabp.pl D. Nowak and others et al., 1994; Pokorna et al., 1994; Janmey & Chaponnier, 1995; Stournaras et al., 1996; Suzuki et al., 1998; Le et al., 1998; Peckham et al., 2001) . The observed reorganization of actin microfilaments in tumor cells may result also from changes in isoactin expression (Le et al., 1998; Shestakova et al, 1999; Peckham et al., 2001) . Cytoplasmic β-actin seems to play an essential role in the "ameboidal" type of movement, characteristic for intravassation of cancer cells through the vessel wall (Khatilina, 2001; Peckham et al., 2001) . Increased expression of cytoplasmic β-actin was found in some tumor cells (Le et al., 1998; Nguyen et al., 2000) . There is growing interest on the relation between these changes and the invasiveness of cancer cells. However, the published data are oĞen controversial. For example, lymphocytes synthesize β-actin in remarkable excess relative to γ-actin, while their leukemia counterparts contain both isoforms in equal proportions. In contrast, M1 myeloblastic leukemia cells contain mainly β-actin and only aĞer the induction of differentiation, higher expression of γ-actin is observed in these cells (Nagata & Ichikawa, 1984) .
Special aĴention should be paid to the results of studies on actin expression in invasive and noninvasive cancer cells (Le et al., 1998; Suzuki et al., 1998; Nowak et al., 2002; Sahai & Marshall, 2003) . The level of β-actin was found to be much higher in invasive cell lines of sarcoma compared with noninvasive ones. In addition, it was accompanied by changes in β-actin subcellular distribution and concentration in apical parts of the forming pseudopods, i.e. areas of high dynamics of actin polymerization (Le et al., 1998) . However, human salivary gland adenocarcinoma cells are characterized by a decreased level of γ-actin, accompanied by actin microfilament desintegeration and an increase of the ability of these cells to form metastases compared with noninvasive cells (Suzuki et al., 1998) .
In our previous study (Nowak et al., 2002) human colon adenocarcinoma LS180 cell line variants characterized by different metastatic potentials (Opolski et al., 1998; Kieda et al., 2002) were used to examine whether a correlation exists between total actin level, state of actin polymerization and invasiveness of tumor cells. Monomeric (G), total (T) and filamentous (F) actin were determined in the cytosolic fraction of these cells. A statistically significant decrease in G actin level and an increase in the state of actin polymerization (measured by the F:G actin ratio) were found in the cytosol of three cell variants with a higher metastatic potential and invasiveness (EB3, 3LNLN, 5W) compared with the parental cell line (LS180).
In this paper the same cellular model was used to investigate whether a correlation exists between β-actin expression, its subcellular distribution and the metastatic potential of human adenocarcinoma sublines.
MATERIALS AND METHODS

Cells.
Human colon adenocarcinoma cell line LS180 and its variants EB3, 3LNLN and 5W were kindly supplied by Professor Danuta Duś from the Institute of Immunology and Experimental Therapy, Polish Academy of Sciences in Wrocław. The cells were propagated in OptiMEM medium supplemented with 3% fetal bovine serum (Gibco, Grand Island, NY, USA). Cells were cultured in 25 cm 2 TC flasks (Falcon or Costar) at 37 o C in 5% CO 2 , 95% humidified air and passaged weekly, using 0.25% trypsin/ 0.05% EDTA solution (Gibco, Grand Island, NY, USA) for cell dissociation.
Originally the cell line LS180 was obtained from the Deutsches Krebsforschungszentrum (Heidelberg, Germany). The parental cells (LS180) were later selected and characterized by Opolski et al. (1998) and Kieda et al. (2002) . More details on the procedure of cell selection are given in our previous paper (Nowak et al., 2002) .
Isolation of cytosolic fraction. Cells were homogenized and the cytosol fraction was prepared as described earlier by Malicka-Błaszkiewicz and Roth (1981) . The cells growing on tissue culture dishes were gently washed with PBS, scraped with a rubber policeman and suspended in G actin stabilizing buffer (freshly made), containing 10 mM Tris/HCl, pH 7.4, 0.25 M sucrose, 1 mM DTT, 0.1 mM ATP, 0.1 mM CaCl 2 (buffer A). Cells were centrifuged (100 × g, 3 min., 4 o C) and homogenized with 3 volumes of freshly made buffer A in a Dounce homogenizer. The homogenates were centrifuged at 105 000 × g for 1 h, at 4 o C. The high speed supernatant was used as the cytosolic fraction and kept frozen (-70 o C) before β-actin identification and concentration determination.
Microscopic analysis
Light microscopy. Phase-contrast and differential interference contrast (DIC) microscopy were used to observe the behavior of cells and their morphology under culture conditions.
Fluorescence microscopy. Fluorescence analysis was applied for actin visualization and to study organization of microfilaments. Cells growing on coverslips were fixed with 4% formaldehyde in 20 mM Pipes buffer containing 80 mM KCl, 1.5 mM MgCl 2 , 1.5 mM CaCl 2 , 10 mM EGTA, 5.6 mM glucose, pH=7.2 (Bond & Somlyo, 1982) for 10 min at room temperature and then permeabilized with 0.2% Triton X-100 in PBS for 10 min. Actin microfila-β-Actin in human colon adenocarcinoma cells ments were visualized with rhodamine-conjugated phalloidin staining (Molecular Probes Inc., Eugene, USA) for 20 min. AĞer washing with PBS the cells were mounted in fluorescent mounting buffer and microfilaments were observed under a fluorescence microscope Olympus IX70 or a confocal laser scanning microscope Olympus FV500.
β-actin immunofluorescence. Cells were grown on glass coverslips (24 h) and then fixed with absolute methanol (10 min, at -20 o C). The covering solution was aspirated and the cell layer was covered with cold acetone/methanol (1:1 v/v, 1 min) and washed 2 times with PBS. β-Actin was visualized by a monoclonal anti-β actin antibody conjugated with FITC (clone AC-15; Molecular Probes Inc., Eugene OR, USA), diluted 1:300 in PBS containing 1% BSA, at room temperature for 60 min. AĞer repeated washing with PBS, the cells were observed under a fluorescence microscope.
ImmunobloĴing. Cytosolic fraction was used as a source of actin in Western bloĴing experiments. It was isolated in identical conditions from the parental cell line and from the selected variants. The same amount of cytoplasmic fraction proteins (25 μg) was subjected to analysis. Proteins were separated by SDS/PAGE according to Laemmli (1970) and transferred to nitrocellulose sheets by the procedure of Towbin et al. (1979) . Monoclonal antibodies directed against β cytoplasmic actin (clone AC-15, Sigma) were used for actin identification. Immunoreactivity was shown by the extravidin-biotin peroxidase (Sigma) technique, using 3-amino-9-ethylcarbazole (AEC) (Sigma) as the substrate for peroxidase. The intensity of bands interacting with anti-β actin antibodies, was quantified by densitometry, using soĞware Quantity One (Gel Doc 1000/2000, BioRad). The value of β-actin presented on Fig. 1 for cell variants results from the comparison with the staining intensity measured for parental cell line.
Protein. Protein was determined by the standard Bradford (1976) procedure.
RESULTS AND DISCUSSION
Human colon adenocarcinoma cell variants of different metastatic potentials were used to continue our studies on the qualitative and quantitative changes of actin in cancer cells Nowak et al., 1995; 2002; Otrocka et al., 2001 ). The present panel of human LS180 colon adenocarcinoma cell was first selected in vitro by triple migration through a Matrigel-coated nucleopore Transwell filter. The first selection resulted in a variant with an increased affinity towards human endothelial cells of secondary lymphatic organ origin (EB3). The in vitro selected EB3 cells were later passaged in vivo in immunodeficient nu/nu mice by various routes of inoculation to select metastatic variants (Opolski et al., 1998) . The in vivo selections, performed by serial implantation of selected cell sublines by the different routes (intrasplenic, i.s.; intravenous, i.v.; or intrailleal, i.i.) resulted in cell variants with a higher metastatic activity (3LNLN and 5W). They grew preferentially as differently localized metastases aĞer implantation via a given route, as compared with the parental cell line LS180.
We recognized earlier these cells (Nowak et al., 2002) as different in respect to the state of actin polymerization. In the light of the interesting data of Le et al. (1998) on a possible major role of β-actin in cell motility, it was important to compare the level and subcellular distribution of this isoactin in the tumor cells with different metastatic potentials.
Cytosolic fraction, isolated from the parental human colon adenocarcinoma cell line LS180 and the variants of different metastatic potential (EB3, 3LNLN, 5W) was used as the source of actin. Proteins were separated by SDS/PAGE and β-actin was identified by Western bloĴing with monoclonal antibodies recognizing this isoactin. Quantitative blot analysis was done by densitometry in several experimental cycles. The data obtained for the adenocarcinoma selectants (EB3, 3LNLN and 5W) were compared with those for the parental line LS180 (Fig. 1) .
A higher level of β-actin was observed in the cytosol of the three selected sublines compared with the parental line LS180. Especially the higher level of β-actin in EB3 cells should be underlined compared with the other sublines (Fig. 1) . These cells are more motile than the parental cells, as they were the SDS/PAGE and Western bloĴing with monoclonal anti-β actin antibodies for actin identification and densitometry were applied; 25 μg of sample protein was applied in every case. Bars represent the mean from three independent experiments (± S.D.) *Indicates values significantly different from those for parental line (LS180) as calculated by Student's t-test, P < 0.05. first to migrate to the lower surface of the Transwell filter during the selection procedure (Opolski et al., 1998; Kieda et al., 2002) .
We looked for a correlation between β-actin distribution, actin microfilament organization and cell morphology and behavior in culture. Differential interference contrast (DIC), phase contrast and fluorescence microscopy were applied (Figs. 2, 3) . The same number of cells from each line was used in comparative experiments. Distinct differences in the phenotype of the adenocarcinoma cell variants were found, such as differences in the cells shape, spreading and ability to aĴach to the surface of the culture dish ( Fig. 2A, B) . Thus, parental LS180 cells were of a polygonal, longitudinal shape and formed distinct protrusions (see Fig. 2Aa and Ba). In contrast the EB3 cells were rounded and grew in characteristic clusters ( Fig. 2Ab and Bb). The EB3 derived 3LNLN cells, selected in vivo from lymph node metastases, resembled in their shape the original LS180 line (compare Fig. 2Ac and Aa; Bc and Ba).The highly metastatic 5W cells, selected in vivo from liver metastases, looked similar to EB3 cells and also grew in characteristic clusters (Fig. 2Ad and Bd).
Actin cytoskeleton was visualized in the four cell variants by staining microfilaments with rhodamine-conjugated phalloidin and fluorescence microscopy. Similarly to our former hepatoma Morris 5123 experimental rat cancer cell model (Otrocka et al., 2001) and to the observations by others (Le et al., 1998; Suzuki et al., 1998; Nguyen et al., 2000) , actin did not form regular microfilaments (stress fibres) in the parental cell line LS180 and in the selected variants. In all the variants actin was dispersed within the whole cell body and created a meshwork (Fig.  3A, D, G, J) . In addition, in the rounded cell variants (EB3 and 5W), filamentous actin was rather concentrated under the membrane as a "cortical ring" (Fig.  3D, J) , while in the elongated ones, especially in the parental LS180 cells, actin microfilaments concentrated mainly around the nucleus and were more diffused to the peripheral area of the cells, showing some protrusions rich in filamentous actin (Fig. 3A,  G) .
A beĴer visualization of the differences in the organization of actin filaments -between the parental LS180 human adenocarcinoma cell line and the first selected, highly motile, metastatic variant EB3 cells is presented in Fig. 4 . It also shows the involvement of the actin cytoskeleton in the changes of cell morphology.
The most interesting seems to be our observation on β-actin identification by its immunofluorescent staining in human adenocarcinoma cell variants, characterized by the different metastatic potential. Monoclonal antibodies to β-actin conjugated with fluorescein were applied to visualize this isoform within the cell. It allowed us also to observe the subcellular distribution of this isoform. The results of total filamentous actin staining with rhodaminephalloidin were compared with those for the β isoform visualization. Differences in β-actin subcellular localization between rounded and elongated cells were observed. In the elongated cells -the parental LS180 and 3LNLN -this isoactin is dispersed in whole cell body, and clearly concentrates in pseudopods and the leading edges (Fig. 3B, C and H, I ). In contrast, in the rounded variant EB3, β-actin dominates mainly in the cortical ring under the cellular membrane and it is also seen in subtle protrusions (Fig. 3E, F) . A distinct β-actin submembrane localization is not, however, clearly seen in the rounded 5W cells (Fig. 3K, L) , thus resembling its distribution in the LS180 and 3LNLN cells.
Adhesion and locomotion are one of the key capabilities of tumor cells allowing metastasis formation. The concept that tumor invasion is a disease of dysregulated cell motility has gained recognition over the past few years (Kassis et al., 2001; Sahai & Marshall, 2003; Lambrechts et al., 2004; Buda & Pignatelli, 2004) . The enhanced movement of malignant tumor cells that invade and destroy normal tissue architecture is a major contributor to the progression of cancer, with many cells found in secondary tumors at sites distant from their origin. The acquisition of migratory and invasive properties are the key events in the oncogenic progression of cells (Wyckoff et al., 2000; Sahai & Marshall, 2003) . Those movements and alteration in the cell shape of oncogenically activated cells present a very complicated process. It requires spatially and temporally regulated protease secretion, alteration of integrin expression, modification of actin linking proteins, and coordinated activation of the actin cytoskeleton, resulting in the extension of invadopodia and cell locomotion (Kassis et al., 2001; Lambrechts et al., 2004) .
The problem of the functional differentiation of actin isoforms and their subcellular distribution aĴracts permanent aĴention. There are data suggesting that actin isoforms serve unique functions in the β-Actin in human colon adenocarcinoma cells cells and that their activity might be controlled by actin binding proteins (ABP). These proteins are able to distinquish one actin from another, thereby causing the differential regulation of the dynamics and localization of isoactins (Welch & Herman, 2002) . Overexpression of β-actin not only increases cell locomotion but also produces a qualitative change in its mechanism, particularly in that of protrusion (Peckham et al., 2001) . Regulation of β-actin expression and function seems to be an important parameter determining pseudopodial protrusion and invasiveness of tumor cells (Le et al., 1998) .
We have observed earlier an increased state of actin polymerization (measured as F:G actin ratio) in human adenocarcinoma cell variants characterized by higher metastatic potential (EB3, 3LNLN and 5W) compared with the parental LS180 cells (Nowak et al., 2002) . The current study confirms the submembrane distribution of β-actin i.e. its concentration in the most dynamic cellular area. It forms there the distinct cortical ring in the rounded EB3 cells. This type of actin organization will support movement by "bleb formation" (Keller & Bebie, 1996; Keller & Eggli, 1998; Sahai & Marshall, 2003 ) . The results confirm also the correlation between the increase in β-actin level and the higher motility of the cells, as expressed distinctly in the EB3 human adenocarcinoma selectants. This subline allowed selection of further variants of high metastatic potential (3LNLN and 5W) .
The role of the actin cytoskeleton in the motility of normal and pathological cells has been summarized lately by Lambrechts et al. (2004) . Actinbased cell motility relies on balanced activity of specific actin binding proteins (ABP), for example cofilin/ADF, profilin, thymosin and myosins (Rędowicz, 2002; Lambrechts et al., 2004) , that drive the dynamics of the actin system and govern its spatial organization. Several valuable models have been proposed to try to grasp the combined cellular action of these proteins (Kassis et al., 2001; Sahai & Marshall, 2003; Welch & Herman, 2002; Wong et al., 2003; Honda et al., 2005) , as only such an approach will unravel the cellular migration phenomena. There is no single model to describe cell motility. Different aspects of motile behavior are displayed depending on the cell type or environment. Different ABPs are known to respond to different signaling pathways (Hood & Cheresh, 2002; Sakai & Marshall, 2003; Buda & Pignatelli, 2004) .
In summary -our earlier (Nowak et al., 2002) and current data lead to the conclusion that there is a distinct correlation between the metastatic capacity of the examined human colon adenocarcinoma cells and the state of actin polymerization, actin cytoskeleton organization and β-actin expression.
Understanding of the molecular mechanisms responsible for the differences in the metastatic capacity of specific cancer cells requires the correlation of data on actin level, polymerization, isoform expression and the specificity of interaction of the actin isoforms with ABPs. In respect to the very complex mechanism of regulation of actin polymerization, one has to concentrate on ABPs, interacting specifically with the β-actin isoform (Welch & Herman, 2002; Wong et al., 2003; Sahai & Marshall, 2003) and on their regulatory effect on β-actin polymerization.
